Research on the early rise of oxygenic photosynthesis and eukaryotes has recently encountered a major pitfall, as some hopane and sterane biomarkers reported in Volcanic rock blanks, outside rinses, and instrumental blanks showed no biomarkers, and the surrounding rocks were metamorphosed to a sufficiently high extent to not yield any biomarkers, but the biomarkers found in the veins are most likely indigenous. Biomarkers detected include C 21−22 ααα-and αββ-steranes (pregnanes), C 27−29 αββ-steranes, C 19−26 tricyclic terpanes, C 29−30,34 αβ-hopanes, C 30 17α-diahopane, and trisnorhopanes, which are in the range 2-180 pg/g. The extracted organic matter is highly mature, based on the biomarker configurations and calculated vitrinite reflectance that ranges from 2.4-3.0 (methylphenanthrene index), 1.4-1.9 (methyladamantane index), and 1.4-2.3 (methyldiamantane index). As the biomarkers are highly mature and the biomarker assemblages have a distinctive pattern to each vein type the likelihood of sample contamination by recent, less mature, biomarkers from a different assemblage is unlikely. The detection of steranes suggests that molecular oxygen was available when the veins were formed, possibly between 2.2 and 1.8 billion years ago, but no evidence for oxygenic photosynthesis in the form of cyanobacterial biomarkers has been found. Carbonate minerals that seem to better preserve biomarkers, such as concretions or veins, show the growing importance of new and exciting opportunities to seek biomarkers in the early Earth rock record, and potentially on other planets. Our results demonstrate for that first time that biomarkers can be found in veins cutting through highly metamorphosed Archaean rocks, and gives an insight into ancient environments.
| INTRODUC TI ON
Life on Earth has existed since the Archaean eon, 4-2.5 billion years (Ga) ago (Allwood, Walter, Kamber, Marshall, & Burch, 2006; Stüeken, Buick, Guy, & Koehler, 2015) and may be as old as 4.1 Ga (Bell, Boehnke, Harrison, & Mao, 2015) . This early biosphere evolved and remained in an oxygen-scarce environment until the Great Oxidation Event (GOE) around 2.5-2.3 Ga changed the Earth's atmosphere from an anoxic to an oxic state (Lyons, Reinhard, & Planavsky, 2014) . However, in the past decade, it has become widely acknowledged that oxygenic photosynthesis occurred long before the GOE (Anbar et al., 2007; Kendall et al., 2010; Kurzweil et al., 2013; Lalonde & Konhauser, 2015; Planavsky et al., 2014; Riding, Fralick, & Liang, 2014) . It is believed that oxygen produced by photosynthesising cyanobacteria was consumed or dispersed faster than it was being produced. Only local oxygen oases occurred close to cyanobacterial communities such as in stromatolites or in phytoplankton (Kendall et al., 2010; Riding et al., 2014) . Hydrocarbon biomarkers have been used to assess the timing of the rise of oxygen and how it was connected to the early evolutionary process of life (Brocks, Logan, Buick, & Summons, 1999; Dutkiewicz, Volk, George, Ridley, & Buick, 2006; Eigenbrode, Freeman, & Summons, 2008; George, Volk, Dutkiewicz, Ridley, & Buick, 2008; Waldbauer, Newman, & Summons, 2011; Waldbauer, Sherman, Sumner, & Summons, 2009 ).
The goal of these studies was to find biomarkers that are indicative of freely available oxygen. For example, biomarkers for cyanobacteria include 2α-methylhopanoids (Summons, Jahnke, Hope, & Logan, 1999 ) and mid-chain methylheptadecanes (Coates et al., 2014) .
However, 2α-methylhopanoids have been found in other bacteria strains (Eickhoff, Birgel, Talbot, Peckmann, & Kappler, 2013; Rashby, Sessions, Summons, & Newman, 2007; Ricci et al., 2014; Welander, Coleman, Sessions, Summons, & Newman, 2010) and the detection of this group of compounds alone would not indicate the presence of cyanobacteria. Furthermore, mid-chain methylheptadecanes are not exclusively produced by cyanobacteria (e.g., Qiu et al., 2012) . Other biomarkers that are indicative of molecular oxygen in the early atmosphere are any types of side-chain alkylated steranes produced by eukaryotes, which need free oxygen for their biosynthesis (Galea & Brown, 2009; Summons, Bradley, Jahnke, & Waldbauer, 2006; Waldbauer et al., 2011) .
Unfortunately, hydrocarbon biomarkers are easily overprinted by recent contaminants during sample retrieval, sample handling and laboratory procedures (Brocks, 2011; Illing, Hallmann, Miller, Summons, & Strauß, 2014; Leider, Schumacher, & Hallmann, 2016; Sherman, Waldbauer, & Summons, 2007) . A reassessment of hydrocarbon biomarkers from the Pilbara Craton (Western Australia) using ultraclean drill cores from the Agouron Institute Drilling Project (AIDP) found no indigenous biomarkers, suggesting that many of the previously reported Archaean biomarkers from the Pilbara Craton are the result of contamination (French et al., 2015) . The absence of biomarkers in the AIDP drill cores is most likely the result of their destruction during peak-metamorphism (Peters, Piazolo, Webb, Dutkiewicz, & George, 2016) . This raises doubts as to whether biomarkers can be found in other fine-grained sedimentary rocks, such as black shales, in the Pilbara Craton. However, we recently found organic matter in the form of oil-bearing fluid inclusions and solid bitumens in two types of later carbonate veins that penetrate the metasedimentary rocks in the same AIDP drill cores (Peters et al., 2016 (Peters et al., 2016) . It was concluded that they could possibly contain biomarkers, as these might have survived these temperatures (Price & DeWitt, 2001 ). Indeed, Proterozoic oil-bearing fluid inclusions exposed to somewhat higher temperatures (Dutkiewicz, Ridley, & Buick, 2003) have yielded intact indigenous biomarkers (Dutkiewicz et al., 2006; George et al., 2008 George et al., , 2009 ). Attempts to radiometric date the veins using LAM-ICP-MS and the U-Pb and Pb-Pb approaches were not successful due to the absence of mineral phases with sufficient radiogenic U and Pb. There was also insufficient carbonaceous material for Re-Os dating. Albeit with significant uncertainty, it was reasoned, based on microstructures and stable isotopes, that the veins formed in the period between 2.2 and 1.8 Ga (Paleoproterozoic), which represent the times of peak-metamorphism and the most recent regional uplift phase, respectively (Peters et al., 2016 ).
Here we analyse the two types of carbonate veins that were detected in the AIDP drill cores to investigate their organic geochemistry and to determine if biomarkers can be detected. To our knowledge, this study represents the first investigation of biomarkers in veins cutting metamorphosed Archaean rocks and thus introduces a new approach for biomarker research in the Precambrian.
The ability to carry out this type of biomarker study opens up many new opportunities to investigate how oxygen began to rise and how it was connected to the early evolutionary process of life.
| Geological setting
We present results from three Archaean drill cores from the Pilbara Craton, Western Australia, that were drilled during the 2012 Agouron Institute Drilling Project (French et al., 2015) . Core AIDP-1 (21°06′38″S, 119°06′4″E) includes the volcanic Coucal Formation (3.52 Ga) of the Coonterunah Subgroup. Core AIDP-2 was drilled in the Ripon Hills region (21°16′51″S, 120°50′2″E) and core AIDP-3 was drilled in the Tunkawanna region (21°46′32″S, 117°34′11″E) ( Figure 1 ). Core AIDP-2 is considered as the shallow water facies site and includes the Carawine Dolomite (2.54-2.55 Ga) of the Hamersley Group and the underlying Jeerinah Formation (2.63-2.69 Ga) of the Fortescue Group. AIDP-3 is the time-equivalent core in a deeper water facies compared to AIDP-2 and includes the Marra Mamba Iron Formation (~2.60 Ga) of the Hamersley Group and the underlying Jeerinah Formation. AIDP-1 was drilled as a negative control core providing volcanic blank samples, whereas the AIDP-2 and AIDP-3 cores were drilled in areas where biomarkers have been found from previous drilling campaigns (e.g., Brocks et al., 1999; Eigenbrode et al., 2008) . In this study the Carawine Dolomite and the Jeerinah Formation were assessed as they contain the type 1 and type 2 veins, respectively, in which oil-bearing fluid inclusions and solid bitumens were found (Peters et al., 2016) .
| MATERIAL S AND ME THODS

| Samples
The AIDP samples were split into three categories; Tier-1, Tier-2, and the remaining core material, half of which is stored at the Geological Survey of Western Australia (GSWA). Tier-1 and Tier-2 samples represent ultraclean samples that were wrapped in combusted aluminium foil and stored in argon-purged glass jars and polytetrafluoroethylene (PTFE) bags, respectively, directly after core recovery in the field, and then stored at −20°C in the dark. Unfortunately, the Tier-1 and Tier-2 samples were selected so as to analyse the metasedimentary rocks for biomarkers (French et al., 2015) , and probably do not include vein material of the two described vein types analysed by Peters et al. (2016) . Consequently, the same sample set that was used for the petrological study (Peters et al., 2016 ) is used in this study. These samples were collected in plastic bags in July 2013 (after ca. 10 months of storage) from the half slab of the three AIDP drill cores stored at the GSWA. Two samples of type 1 veins and three samples of type 2 veins were extracted, and previously a batch of four volcanic rock blanks from AIDP-1 were also extracted (Table 1) . Additionally, basalt rock blanks were regularly extracted in the Organic Geochemistry Laboratory at Macquarie University to assess contamination from the equipment used (data not shown).
The samples of type 1 veins come from the Carawine Dolomite in AIDP-2 and consist of quartz, dolomite, and solid bitumens. The type 2 veins samples come from the Jeerinah Formation in AIDP-2 (one sample) and AIDP-3 (two samples; Figure 1b ). All four volcanic rock blanks come from the Coucal Formation in AIDP-1. The type 2 veins generally consist of calcite, except for sample S78 which is the only sample of this vein type that consists of ankerite. Solid bitumens occur in both vein types, and are mm-sized in the type 1 veins and μm-sized in the type 2 veins. Oil-bearing fluid inclusions were found in both vein types (Peters et al., 2016 ), but it was not possible to isolate the oil-bearing fluid inclusions as they are not F I G U R E 1 (a) Regional map showing the geology of the Pilbara Craton and the location of the Agouron Institute Drilling Project (AIDP) drill sites (AIDP-1: 21°06′38″S, 119°06′4″E; AIDP-2: 21°16′51″S, 120°50′2″E; AIDP-3: 21°46′32″S, 117°34′11″E). AB, Ashburton Basin; BB, Bangemall Basin; OB, Officer Basin; GC, Gascoyne Complex. (b) Lithologies of the AIDP-2 and AIDP-3 drill cores in which the later carbonate veins have been found. Grey circles mark the carbonate vein samples that were extracted in this study. Modified after Rasmussen, Fletcher, and Sheppard (2005) and French et al. (2015) [Colour figure can be viewed at wileyonlinelibrary.com]
very common. Other spatially-controlled analyses, such as ToF-SIMS (Siljeström et al., 2010) could not be applied due to the small size of the inclusions (<8 μm in diameter). Consequently, the veins were bulk solvent extracted as described below. For a detailed analysis of the carbonate veins, the reader is referred to the petrological study (Peters et al., 2016) .
| Sample preparation
Consumables, such as silica-gel (silica-gel 60, 0.063 × 0.200 mm;
Merck Millipore, Germany) and aluminium foil, and all glassware were combusted at >400°C for at least 4 hr prior to use. All bottles of the solvents used in this study, which were dichloromethane (DCM; RCI Labscan) and methanol (MeOH; Scharlau), were checked for contaminants. The saw blade used for cutting the samples was initially combusted for 6 hr at 300°C. It was then scrubbed with MilliQ water and a metal brush, then sonicated in a specially-built container once with MeOH and twice with DCM for 10 min each before every sample was cut. The last DCM rinse was collected as a saw blade rinse for each sample. The stainless steel ring mill crusher used to powder the samples was scrubbed with MilliQ water and a metal brush and additionally rinsed once with MeOH and at least eight times with DCM. The last DCM rinse was collected as the crusher rinse for each sample. Only when the saw blade rinse and the crusher rinse were free of any hopanes, steranes, and other targeted compounds (see Results) were samples prepared for extraction.
Carbonate veins that contain the oil-bearing fluid inclusions and solid bitumens were cut from the rock matrix using a Buehler IsoMet ® 4000 linear precision saw. All exposed surfaces, outside flats and outside curves were cut off, as proposed by Sherman et al. (2007) . MilliQ water that was used to cool the saw blade and to reduce friction was only used once, and went directly to waste after use to maintain the saw blade contamination-free. All cut-offs were combined as the exterior samples, and the vein materials are termed the interior samples. The interior samples also include some part of the rock matrices, because it was not possible to fully separate them from the veins. This is partly due to rock fragments and wall rock inclusion bands which reside inside the veins (Peters et al., 2016) .
The organic geochemistry of the rock matrices have been assessed
by French et al. (2015) and generally consist only of polycyclic aromatic hydrocarbons (PAHs) and diamondoids; no biomarkers such as steranes and hopanes were detected. The pieces comprising the two subsamples (the interior and exterior samples) were collected in beakers and sonicated once with MilliQ water, once with MeOH, and twice with DCM. The last DCM wash was collected as the final outside rinse blank for each sample. When the outside rinses were clean of any target compounds, the samples were transferred to the ring mill and crushed to a powder.
| Solvent extraction
Samples were extracted ultrasonically with 2 ml/g rock powder DCM:MeOH (9:1, v/v) for two cycles of 10 min (Table 1) . During solvent extraction the beakers with the sample-solvent mixture were covered with aluminium foil to avoid the introduction of airborne hydrocarbons (Illing et al., 2014) . Between sonications, solution mixtures were stirred using a glass rod and left to stand still for a few minutes. The supernatants were then passed through a silica-gel filter column formed in a pasteur pipette to remove fine rock particles and collected as extractable organic matter (EOM) in a beaker. The remaining rock powders were further sonicated with DCM (1 ml per gram of rock powder, usually 50-100 ml) for 10 min to retrieve organic residues, particularly aliphatic hydrocarbons, which may still have remained in the slurry powder. The supernatants were again filtered with a silica-gel column and then combined with the original EOM. The EOM volume was reduced using a hot plate set to 35°C
and a gentle dry nitrogen flow until approximately 5 ml remained.
Column fractionation of the EOM was not performed because the yield was very small (<1 μg/g sample), and therefore, the interferences between hydrocarbon peaks were very low. Also, column fractionation may have reduced the yield even further. EOMs were spiked with three compounds as internal standards by adding 1 ml 
| Gas chromatography-mass spectrometry (GC-MS)
GC-MS analyses were carried out on an Agilent (Santa Clara, CA, USA) GC (6890N) coupled to an Agilent mass selective detector (5975B). One μl of EOM solution was injected into an programmable temperature vaporisation (PTV) inlet operating in splitless mode with an Agilent J&W DB5MS column (length 60 m, inner diameter 0.25 mm, film thickness 0.25 μm). The inlet was ramped from 35°C (3 min isothermal) to 310°C (0.5 min isothermal) at a rate of 700°C/ min. Helium was used as the carrier gas (1.5 ml/min constant flow), and the temperature of the GC oven was ramped from 30°C (2 min isothermal) to 310°C (30 min isothermal) at a rate of 4°C/min. The MS data were acquired in single-ion-monitoring mode. Hydrocarbon identifications were based on comparison of relative GC retention times and mass spectra with those previously reported, and with precise GC retention times and mass spectra with compounds in the NSO-1 oil standard (Weiss et al., 2000) . Semi-quantitative analyses were performed using the tetracosane-d 50 internal standard, not taking into account any response factors. The other two standards were used to check the sensitivity and repeatability of the measurement, but were not used for the quantification.
| RE SULTS
| Contaminants
Known contaminants from the laboratory that cannot be avoided are naphthenic acids and siloxanes, which come from metal surfaces (e.g., the rock crusher) and the polytetrafluoroethylene (PTFE) caps for the vials. Consequently, these compounds have been excluded from interpretation. As the sample set is considered as less clean than the Tier-1 and Tier-2 samples the surfaces of the samples presented here were very likely contaminated during storage at GSWA.
Consequently, the final rinses needed to be sufficiently clean to proceed with sample extraction. Figure 2a shows the distribution of the main contaminants in the final rinses for the five analysed samples.
No monomethylalkanes (MMAs), diamondoids, tricyclic terpanes, hopanes, or steranes were found in any of the final rinses. In most final rinses the n-alkanes represent over 50% of the contaminants, and were particularly difficult to remove. The carbon numbers of the contaminant n-alkanes range from n-C 8 to n-C 32 for the final outside rinses, n-C 8 to n-C 33 for the crusher, and n-C 8 to n-C 34 for the saw blade ( Figure 2b ). When creating the rinse blanks the target was to bring all the n-alkanes down to less than 1 ng and this was successful and 1-methyl-2-isopropylbenzene (sample S38) were also found.
Apart from the described n-alkanes, naphthalene and phenanthrene are the other major components which could not be fully removed by the laboratory procedure ( Figure 2 ). The average concentration of PAH contaminants is 0.7 ng and reaches a maximum concentration of 4 ng for the saw blade rinse for the preparation of sample S18. As was the case for the n-alkanes, the PAH contaminants are below the concentrations of PAH in the extracted rocks.
| General distribution
The general distribution of analysed hydrocarbons is presented in Figure 3a . The type 1 veins are enriched in aromatic hydrocarbons and diamondoids which account for more than 50% of all analysed hydrocarbons, while the type 2 veins are enriched in alkanes (nalkanes, isoprenoids and MMAs), and account for more than 90% of all analysed hydrocarbons. Aromatic hydrocarbons are exceptionally abundant in the interior and exterior subsamples of S18 with over 300 ng/g, but do not reach over 6 ng/g in the type 2 veins (Table 2) .
Diamondoids are more abundant in the veins of core AIDP-2 than in AIDP-3 with concentrations higher than 0.5 ng/g, and the type 1 veins have the highest concentrations of diamondoids ( Figure 3a , Table 2 ). Highest concentrations of n-alkanes are in the type 2 veins, of which sample S77 has the highest concentrations with >40 ng/g (Table 2 ). In both vein types, the isoprenoids have similar concentrations, which range from 0.3 to 3.5 ng/g. MMAs are more abundant in the type 2 veins and have the highest concentration in sample S78, but are also completely absent from sample S38 (Table 2) .
Biomarkers are only trace compounds in the range of pg/g and are minor proportions with ≪1% in the general distribution ( Figure 3a ).
Volcanic rock blanks consist mostly of n-alkanes and PAHs (>90%), and to a minor extent MMAs and isoprenoids in some blanks.
No diamondoids or biomarkers were detected, except for sample S80 Ext. where some biomarkers were detected (Figure 3a ).
| n-Alkanes, regular isoprenoids and monomethylalkanes
In most carbonate vein samples the amount of n-alkanes in the exterior sample is higher than in the interior sample ( Figure 4a ). The type 1 veins have elevated amounts of n-alkanes in the n-C 11 to n-C 13
and n-C 23 to n-C 32 ranges ( Figure 4a ). The type 2 veins have various distribution patterns that are different to the patterns of the type 1 veins. One commonality that the type 2 veins share is an n-C 11
to n-C 20 predominance when present ( Figure 4a ). As for the type 1 veins, the exterior of sample S78 also contains elevated n-alkanes in the n-C 23 to n-C 32 range. Apart from this sample, the type 2 veins are dominated by short-chain n-alkanes, whereas in the type 1 veins both short-chain and long-chain n-alkanes are present. Because of the short range of n-alkane chain length in samples S38 and S77 the carbon preference index (CPI) could only be calculated for samples S18, S28 and S78 (Table 3) . While the interior samples have no or very little carbon preference (1.00 to 1.11), the exterior samples have slightly elevated CPIs (1.03 to 1.23). Interestingly, samples S38 and S77 have an even-over-odd carbon number preference between n-C 16 and n-C 20 . Similar to the carbonate veins the amount of n-alkanes in the exterior samples is generally higher than in the interior samples of the volcanic rocks ( Figure 4a) . Concentrations of the n-alkanes of the volcanic rocks range between 1.8 (S81, internal sub-sample) and 126 ng/g (S80, external subsample; Table 2 ) and the carbon number range from n-C 9 to n-C 36 (Figure 4a ). The CPI shows no carbon preference for the volcanic rocks and are 1.0 to 1.1 (Table 3) .
TA B L E 2 Concentrations of hydrocarbons in the two types of carbonate veins and the volcanic rock blanks
Regular isoprenoids were detected in the range of i-C 13 to i-C 20 in some of the interior and exterior carbonate vein subsamples, although not in every sample. The most abundant isoprenoids are Pr and Ph. Pr/Ph ratios range from 0.5 to 7 in the type 1 veins and 0.6 to 1.5 in the type 2 veins (Table 3) . However, only type 1 vein, sample S18 has the high Pr/Ph ratios of 3 to 7, while sample S28 has similar Pr/Ph ratios as the type 2 veins. For samples S28, S38, S77 and S78
the Pr/n-C 17 ratio ranges from 0.4 to 1.0, whilst sample S18 has values of 2 to 4 (Table 3) . Sample S18 has a Ph/n-C 18 of ~0.6, which is relatively similar to all the other samples which have ratios between 0.3-0.4 (Table 3) . Concentrations of regular isoprenoids in the volcanic rock samples are 1-3 ng/g and were detected in the range of i-C 13 to i-C 18 . Pr/Ph ratios range from 0.9 to 2.1, Pr/n-C 17 ratios range from 0.3 to 0.6 and Pr/n-C 18 ratios are ca. 0.3 for all volcanic rocks, but interestingly were only found in the exterior subsamples (except for S80, Table 3 ).
In some veins, the monomethylalkanes ( (Table 2 ) with carbon numbers of C 12 and C 18 (S80 Ext.) and C 11 and C 13 (S82).
| Diamondoids
Diamondoid concentrations range from 0.02 to 6.51 ng/g in all vein types. As diamondoids are more prominent in type 1 veins the methyladamantane and methyldiamantane indices (MAI, MDI) after Chen, Fu, Sheng, Liu, and Zhang (1996) could be calculated for every sample (Table 4) . Methyladamantanes are absent in the type 2 veins, except in the exterior of sample S38, but methyldiamantanes could be found in almost every sample. The MDI ratios are slightly higher in the type 2 veins than in the type 1 veins, resulting in a higher calculated vitrinite reflectance of ~2.2% for the type 2 veins, compared to ~1.5% for the type 1 veins. However, for the type 1 veins, the calculated vitrinite reflectance based on MAI is ~1.9. No diamondoids were found in the volcanic rocks.
| Aromatic compounds
PAHs and C 2-5 alkylbenzenes, especially dimethylbenzenes (xylenes),
have been detected in all the samples. The highest amounts are present in the type 1 veins, in which they range from 1 ring (xylene) to 5 rings (picene), and include naphthalene, biphenyl, phenanthrene, and their alkylated homologues (Figure 4b ). Aromatic compounds are less abundant in the type 2 veins, and range from 1 to 3 rings, with the exception of sample S38 in which pyrene (4 rings) was detected as well. The type 2 veins contain abundant xylenes, naphthalene, and methylnaphthalenes, while biphenyl, alkylphenanthrenes and fluoranthene are less abundant. For the type 1 veins, the interior of sample S18 has higher abundances of aromatic compounds than the exterior, whereas the reverse is true for sample S28. However, the ratios between the aromatic compounds are the same for the interior and exterior subsamples of both S18 and S28. For the type 2 veins, in most cases, the exterior subsamples have higher concentrations of PAHs and xylenes than the interior subsamples, but the ratios between the interior and exterior subsamples are not consistent.
Thermal maturity parameters and calculated vitrinite reflectances derived from the aromatic compounds are presented in Table 4 . It was possible to calculate all these ratios for all the subsamples from the type 1 veins, but some ratios could not be applied for the subsamples from the type 2 veins as the compounds needed for calculation were absent. The MPI-1 for the type 1 veins ranges from 0.5 to 1.0 and indicates a vitrinite reflectance of between 2.4-2.7, based on Boreham, Crick, and Powell (1988) for Precambrian rocks.
In the type 2 veins, the alkylphenanthrene ratios could not be calculated as no methylphenanthrenes were detected. This gives the highest calculated vitrinite reflectance of 3 based on MPI-1 after Boreham et al. (1988) , which needs to be considered with care. 
Concentrations of total aromatic hydrocarbons in all volcanic
rock samples range from 6 to 171 ng/g (Table 2 ). Because mostly xylenes and (methyl-)naphthalenes were detected in the volcanic rocks ( Figure 4b ) it was only possible to calculate the naphthalene ratios (Table 4 ). These range between 1 and 8 (N/MN) and 1 and 2 (NMR).
Where phenanthrene was detected, the absence of methylphenanthrenes resulted in a %R c of 3 (highest possible calculated vitrinite reflectance based on MPI-1; Table 4 ).
| Tricyclic terpanes, hopanes, and steranes
Biomarkers have been detected in some samples and the general distribution is summarised in Figure 3B In all four volcanic rock blanks, no biomarkers were detected, except in the exterior of blank S80. The biomarkers in this blank include C 21−22 ααα-steranes and traces of C 21−22,24 tricyclic terpanes (Table 5) .
However, the distribution of biomarkers in the exterior of blank S80 is markedly different compared to all the other samples (Figure 3b The distribution of biomarkers in the veins seem to be dependent on the type of vein and their mineralogy. The type 1 veins consist of ~20% αββ-steranes and ~80% hopanes, whereas the type 2 veins consist of 25% pregnanes and 75% tricyclic terpanes for the calcite veins (samples S38 and S77), and 5% pregnanes and 95% hopanes for the ankerite vein (sample S78). No biomarkers were found in the interior of sample S38 (Figure 3b ). While no biomarkers were detected in the exterior of sample S18 (Figure 5a ), the exterior of sample S77 contains biomarkers similar to the interior (Figure 5b ).
The intensity of the peaks in the exterior of sample S77 was slightly higher, so that additional compounds could be detected. Only a few biomarker ratios could be calculated, due to the general absence of biomarkers (Table 5) . Apart from the terpane ratios, these ratios do not represent statistically accurate values (e.g., Ts/Tm was only calculated for sample S18). Only the C 23 /C 21 terpane ratio could be calculated for 4 subsamples and range between 0.7 and 1.4. C 30 17α(H)-diahopane is more abundant than C 30 αβ hopane in the interior of sample S18 (Table 5) .
| D ISCUSS I ON
| Contaminants
As contaminants can lead to false conclusions when investigating biomarkers in the Precambrian (Brocks et al., 1999; French et al., 2015) , special care was taken to analyse the vein samples of the AIDP drill cores. All consumables and instruments were cleaned very carefully, and blanks were taken regularly to monitor the types and amounts of contaminants. The focus on cleaning consumables and instruments was to completely remove biomarkers such as hopanes and steranes, and to reduce the level of other hydrocarbons to as low as possible. Samples were only crushed to a powder when the last outside rinses and the crusher itself were clean. Every sample analysed in this study was prepared in this way, so as to make sure that no biomarkers were introduced from the laboratory.
However, some contaminants from the laboratory or the GSWA persisted. These contaminants include n-alkanes, pristane, phytane, and some aromatic hydrocarbons (o-xylene, C 4 alkylbenzenes, naphthalene and phenanthrene; Figure 2a ). After combustion and several rinses it was possible to reduce their level, but never to completely get rid of them. In particular, high molecular weight n-alkanes (>n-C 20 ) were very persistent as they tend to stick to the surfaces of consumables and instruments due to their waxy physical properties.
They are known as typical contaminants in laboratory environments (Brocks, Grosjean, & Logan, 2008; Hoshino, Flannery, Walter, & George, 2015; Sherman et al., 2007) . n-Alkanes as well as isoprenoids and aromatic hydrocarbons occur in the modern environment as a result of fossil-fuel burning, petrochemical use (especially plastics), food production, and bush-fires, to name just a few processes (e.g., Brocks et al., 2008; Freeman & Cattell, 1990) . This might explain why these compounds have been detected in the laboratory rinses. As a consequence, all contaminants were monitored and the focus was to bring them under the 1 ng level. In almost all samples the n-alkanes blank levels are below the amounts in the actual sample (Figure 2b ). This monitoring was also performed for pristane, phytane and the aromatic hydrocarbons (data not shown). As concentrations of these laboratory contaminants are well below the concentrations in the samples, the n-alkanes, pristane, phytane, alkylbenzenes, alkylnaphthalenes and alkylphenanthrenes in the samples can be used for further interpretation. However, the distribution of these compounds need to be interpreted carefully, as small quantities in the blanks could slightly change some ratios such as the CPI and Pr/Ph, and this would potentially lead to the wrong conclusions.
One of the interpretational frameworks of this study is that the exterior of a sample is the more contaminated sub-sample due to exposure to the environment. Contaminants can come from drilling fluids, which in the case of the AIDP samples were water-based (French et al., 2015) , sample handling, storage in the core trays, F I G U R E 6 Structures and range of isomers for every detected biomarker of this study from the interior subsamples of the type 1 and 2 veins and storage in plastic bags. When sawing off the exposed surfaces of a sample, the inside is considered to be the more reliable sample (Brocks et al., 2008; French et al., 2015; Hoshino et al., 2015; Sherman et al., 2007) . However, this does not mean that the biomarkers in the exterior sub-sample represent only contaminants because the material, which is extracted, comes from the same sample.
Furthermore, the samples are not homogeneous, so it could happen that more organic material was extracted from the exterior than the interior, especially when more of the exterior of a sample was extracted (see Table 1 ), which would raise the limit of detection. For instance, the concentration and distribution of n-alkanes and aromatic hydrocarbons in the exterior subsamples mostly follow the trends of the related interior subsamples (Figure 4) . However, the exterior parts of some samples contain additional compounds compared to the internal parts, indicating that one has to be particularly careful in interpreting those results. For example, the n-alkanes in the exterior of sample S38 have a greater carbon number range and a higher concentration, while the interior of sample S38 contains a reduced carbon number range and a lower concentration of nalkanes (Figure 4a ), indicating an additional extraneous source of nalkanes to the exterior of this sample. Considering the high thermal maturity of the samples (Peters et al., 2016 ) the n-alkanes would not be expected to have a carbon number preference (CPI ≠ 1; Peters, Walters, & Moldowan, 2005) . While this is generally the case for the interior of the AIDP samples, the CPI is higher in the exteriors of the samples (Table 3) . This is likely due to recent contamination sources of n-alkanes mixing with indigenous n-alkanes on the exterior surface, thus resulting in a slightly increased odd carbon number predominance. However, the general trends of the n-alkane distributions in the interiors still remain and are amenable to interpretation. Similarly, the ratios based on pristane and phytane have large variations between the interior and exterior of a sample, especially the ratios which include pristane (Pr/Ph, Pr/n-C 17 ; Table 3 ). Sample S18 is likely affected by this to the greatest extent, as Pr/Ph and Pr/n-C 17 vary the most between the interior and exterior subsamples. When considering the aromatic compound ratios in the same way (Table 4) there is not such a large variation between the interior and exterior subsamples, which indicates that most of the aromatic compounds in the exterior are not affected by contamination. The exceptions are the naphthalene ratios (N/MN and MNR), which are either higher (N/MN) or lower (MNR) in the exterior which is likely due to the introduction of naphthalene from the laboratory (e.g., Figure 2b ). This can also be seen in the volcanic rock blanks. Even though the ratios based on aliphatic and aromatic compounds show that the exterior parts of samples were influenced by contamination to some degree, the generally pristine values and distributions for the interior can still be interpreted. Although we have not analysed the ultraclean Tier-1 and Tier-2 AIDP samples, the samples presented here show that the exterior subsamples were affected by contaminants only to a relatively low extent, which is due to the clean drilling procedure of the AIDP. Furthermore, this shows that the samples were analysed under very clean laboratory procedures and the interior subsamples can be regarded as contamination-free.
| Indigenous vein compounds
As solid bitumens and oil-bearing fluid inclusions were extracted together it is difficult to state from which of the two phases the following indigenous hydrocarbons were derived from. Peters et al. (2016) noted that the precursor of the solid bitumens (probably free oil) may have been altered to a greater extent than the oil-bearing fluid inclusions. This is because solid bitumens were exposed to the acidic fluid that formed the vein, while the oil-bearing fluid inclusions were protected by the enclosing quartz. In the type 2 veins, oil-bearing fluid inclusions are slightly larger and only microscopic solid bitumens were found in the vein matrix. Therefore, the following hydrocarbons were likely extracted from oil-bearing fluid inclusions (except where further discussed).
| n-Alkanes, regular isoprenoids and monomethylalkanes
The distribution of n-alkanes in the type 1 veins suggests that its organic matter was produced in a marine environment, shown by the n-alkanes which are predominant in the range of n-C 23 to n-C 32 and which do not show an odd-or even-carbon number predominance ( Figure 4a, Table 3 ; e.g., Peters et al., 2005) . It is noted that the volcanic rock blanks, especially S80 and S82, have a similar pattern. A similar distribution of n-alkanes and CPI values can also be seen in sample S78 (Figure 4a, Table 3 ), which was classified as a type 2 vein by Peters et al. (2016) . This sample shows some differences in the distribution of n-alkanes compared to the other type 2 veins. On the one hand higher molecular weight n-alkanes were detected in the exterior and likely represent a mixed signal of indigenous compounds and contaminants in the range of n-C 23−32 . On the other hand, sample S78 is the only ankerite vein and thus may have originated differently, or even may have been influenced by a later hydrocarbon migration event.
n-Alkanes in the type 2 veins are present from approximately n-C 11 to n-C 20 and are more abundant than in the type 1 veins. This indicates that the type 2 vein organic matter was derived from a different source compared to that for type 1 veins, although the n-alkanes alone cannot be used for a definitive source allocation.
Nonetheless, Peters et al. (2016) demonstrated that the type 2 veins were derived from a hydrothermal fluid and this is likely where the organic matter was derived from. A hydrothermal source would mean that the organic matter may have been produced by a chemosynthetic community (e.g., McCollom & Shock, 1997) . Alternatively, the organic matter may have come from the host rock and been extracted by the hydrothermal fluids.
Pr/Ph ratios of the AIDP samples do not have a linear relationship to other ratios and are mostly below 3 (Table 3) , consistent with a suboxic depositional environment, but are not any further interpreted (Peters et al., 2005) . Pr/n-C 17 and Ph/n-C 18 ratios are mostly below 1 and combined with the CPIs of about 1, are consistent with a high thermal maturity (Peters et al., 2005) , as has been determined separately by the microstructures and geothermometry of the veins, which showed that the veins were recrystallised at ~170-200°C (Peters et al., 2016) .
MMAs are relatively abundant in the AIDP vein samples, but not in the volcanic rock blanks (Figure 3a, Table 2 ), which is a phenomena typical of many (but not all) Precambrian rocks and oils (Fowler & Douglas, 1987; Hoshino et al., 2015; Shiea, Brassell, & Ward, 1990) .
Although the age of the veins is only poorly constrained (Peters et al., 2016) , this strengthens the idea that the veins are not Phanerozoic in age. However, the abundance of methylheptadecanes compared to other MMAs is not higher in any of the veins, nor are mid-chain MMAs dominant, which excludes the possibility that cyanobacteria may have contributed methylheptadecanes to the general distribution of MMAs .
| Aromatic hydrocarbons and diamondoids
PAH in thermally mature sediments are usually more dominated by the parent, nonalkylated species (e.g., George & Ahmed, 2002; Killops & Massoud, 1992; Radke, Welte, & Willsch, 1982) . Both vein types have a dominance of the nonalkylated PAH (Figure 4b ), suggesting that they are thermal mature. This matches well with the alkane ratios described above, as well as with the inorganic evidence (Peters et al., 2016) . The thermal maturity ratios based on PAHs and diamondoids show a consistent pattern indicating high thermal maturity (Table 4) . Many of these maturity ratios could not be calculated for the type 2 veins because the compounds necessary were absent in the EOM. The best ratios to compare the thermal maturity of these two vein types are MDI, Bp/MBp, and Fl/MFl. Bp/MBp and Fl/MFl are generally >1 in the type 1 veins and <1 in the type 2 veins. This is likely related to the host lithologies of the veins, as the Hamersley Group where the type 1 veins were found generally has both these ratios >1, whereas the Fortescue Group where the type 2 veins were found has both these ratios <1 . Calculated vitrinite reflectances (%R c ) based on MPI-1 and MDI (Table 4) show that type 2 veins are slightly more mature than type 1 veins, which may be the result of a more reducing fluid precursor (Peters et al., 2016) .
The type 1 veins are relatively enriched in PAHs with a greater range of aromatic rings compared to the type 2 veins (Figures 3a,   4b ). Similar to the different amounts of n-alkanes, this suggests that the type 1 veins had a different origin compared to the type 2 veins. Peters et al. (2016) found that the type 1 veins were formed by an acidic fluid which dissolved the surrounding sedimentary carbonates, which were then reprecipitated inside the veins. During this process, the PAHs, which are syngenetic to the sedimentary rocks (French et al., 2015) , were most likely remobilised together with the fluid and then captured inside the vein. Evidence for this theory includes the thermal maturity parameters, which for the type 1 veins are mostly the same as in the Tier-1 samples described by French et al. (2015) : for example, compare samples "2/1/005" (AIDP-2/197 m), S18 (AIDP-2/185 m) and S28 (AIDP-2/250 m) ( Table 4 ).
Ratios that differ between the type 1 veins compared to the sedimentary rocks were most likely changed by a chemical reaction during remobilisation. For example, Fluo/P in the type 1 veins ranges between 0.01-0.1, while in the sedimentary rocks Fluo/P ranges between 2.5-3.5. MPI-1, MPDF, P/MP, 2-MP/1-MP, Bp/MBp and Fl/ MFl are the other ratios that differ in the veins. As the dolomite in the type 1 veins was reprecipitated from the surrounding sediments (Peters et al., 2016) , which contain high amounts of PAHs and diamondoids (French et al., 2015) , it seems plausible that these the veins are likewise elevated in those compounds. When combined with inorganic evidence by Peters et al. (2016) , the lower thermal maturity in the type 1 veins compared to the type 2 veins, based on PAHs and diamondoids, do not reflect the thermal maturity of the veins themselves, but more the thermal maturity of the surrounding rocks. This highlights the importance of a petrological assessment prior to the analysis of organic compounds in Precambrian rocks.
The dissolution and re-precipitation of type 1 veins, which caused the vein PAHs to be mixed with sedimentary PAHs, has probably not affected the distribution of n-alkanes, isoprenoids, MMAs, and biomarkers, as they have not been detected over blank levels in the sedimentary rocks (French et al., 2015) .
The aromatic hydrocarbons present in the type 2 veins are dominated by low molecular weight xylenes, naphthalene, and methylnaphthalenes, with very few PAH (Figure 4b) . A similar pattern of some low molecular weight aromatic hydrocarbons and many nalkanes ( Figure 3a ) has once before been described for Precambrian rocks (Holland & Schidlowski, 1982) . It is possible that this distri- (Table 4) .
| Tricyclic terpanes, hopanes, and steranes
Biomarkers were only detected as trace compounds in the range of pg/g, but they fall well above the blank level (>0.02 pg) (Table 5 ). Figure 5 shows that the rinses are free of the targeted biomarkers and therefore, they can be interpreted as syngenetic to the vein samples. The only possible contaminants could be pregnanes and tricyclic terpanes as these were detected in the exterior of a blank sample (S80; Figure 3b ). These two compound classes were detected in the veins as well, but in different proportions and concentrations ( Figure 3b , Table 5 ). Moreover, the exterior of sample S80 is the only one of eight volcanic blank subsamples containing any biomarkers, and very likely these were derived from storing and handling the sample. Hence, the detected biomarkers are interpreted as indigenous compounds in the following discussion.
The two vein types have different distributions of biomarkers which likely relates to the different origins of the veins (Figures 3b,   6 ). The presence of steranes and hopanes entrained in the organic matter of the type 1 veins suggest that eukaryotes and bacteria, respectively, were present in the environment in which the source rock of the fluid inclusion oil and solid bitumens was formed (Figure 5a ).
The presence of only pregnanes and tricyclic terpanes in the type 2 veins means that only the presence of eukaryotes can be indicated, as the source of tricyclic terpanes is diverse and more related to depositional environment (Peters et al., 2005; Figure 5b ). The evidence for eukaryotes is thus different in the two vein types, suggesting that they have experienced different thermal maturities, evolved in different environments, and/or received inputs from different types of eukaryotes.
Hopanes (C 29−30,34 ) are only found in the αβ configuration (Figures 5a, 6) , predominantly in the type 1 veins, together with C 30 diahopane in samples S18 and S28. The αβ configuration is the most hopane stable configuration (Peters et al., 2005) and hence suggests that the type 1 veins are highly thermally mature, which is in agreement with the petrological observations (ca. 200°C formation temperature; Peters et al., 2016) . Trisnorhopanes (Ts and Tm) were detected as well, but only in the interior of sample S18. The actual bacteria responsible for trisnorhopanes in geological samples
have not yet been determined (Peters et al., 2005) . Similar to hopanes with the αβ configuration, trisnorhopanes and C 30 diahopane are relatively thermally stable (Peters et al., 2005) , and this contributes to an overall mature signal for the type 1 veins. For example, the C 30 diahopane/C 30 αβ hopane ratio is >1 (S18), consistent with a high thermal maturity (e.g., Jiang, George, & Zhang, 2018) . Carbon isotope analyses of diahopanes and trisnorhopanes have previously been described showing they were derived from the same or similar organisms (Moldowan et al., 1991) . Consequently, the coexistence of these compounds may imply that the fluid inclusion oils and solid bitumens in the type 1 veins may have had a similar bacterial input.
A commonly-used biomarker for cyanobacteria, 2α-methylhopane , which, however, is not regarded as entirely exclusive anymore (Rashby et al., 2007; Ricci et al., 2014) , was not found in either the type 1 or 2 veins.
The αββ-steranes, mostly prominent in the type 1 veins (Figure 5a ; S18, S28 interiors and S77 exterior), are, together with triaromatic steroids, the most stable steranes, and thus are also consistent with a high thermal maturity (Killops & Killops, 2009; Peters et al., 2005) .
As these compounds were likely created during catagenesis (Killops & Killops, 2009) it is interesting that αββ-steranes but no aromatic steroids were detected in the vein samples, and raises the question as to which type of steroids might be more stable, or if they have two different precursors.
In the type 2 veins pregnanes, including homopregnanes, were detected. Wang, Chang, Wang, and Simoneit (2015) described pregnanes as originating from kerogen-bound sterol precursors during diagenesis and catagenesis. They also showed that pregnanes are sensitive to changes in depositional environment and organic facies and when coupled with diasteranes they can be used to investigate the maturity of a rock. In the veins, diasteranes are completely absent, so the presence of pregnanes only would indicate high thermal maturity, after Wang et al. (2015) . This again is in agreement with the petrological observations (ca. 170°C formation temperature; Peters et al., 2016) . The type 2 veins were derived from a hydrothermal fluid (Peters et al., 2016) , and the detection of tricyclic terpanes in them is consistent with a marine origin (Peters et al., 2005) , which is not surprising as the surrounding Jeerinah Formation is a marine succession (Thorne & Trendall, 2001 ). The relatively low C 19 /(C 19 + C 23 ) tricyclic terpane ratio and the generally high C 23 /C 21 tricyclic terpane ratios are also consistent with a marine depositional environment (e.g., Peters et al., 2005; Preston & Edwards, 2000) .
A preferential preservation of biomarkers in the carbonate minerals of both vein types could further be possible, if the carbonate was porous at some stage. For instance, sterols and other intact biomarkers were found in Devonian and Jurassic carbonate concretions (Lengger, Melendez, Summons, & Grice, 2017; Melendez, Grice, & Schwark, 2013; Melendez, Grice, Trinajstic, et al., 2013; Plet et al., 2017) . The mechanism of this protection in carbonate concretions may be similar to the protection of the biomarkers detected in the carbonate veins, in this study. The carbonate veins were not aciddigested and re-extracted to produce a bitumen II (e.g., Holman, Grice, Jaraula, & Schimmelmann, 2014; Nabbefeld et al., 2010) to test this hypothesis. French et al. (2015) showed the difficulties in detecting early life using hydrocarbon biomarkers. No biomarkers were found in the fine-grained sedimentary rocks in the AIDP drill cores (French et al., 2015) as they had been exposed to lower to mid greenschist facies metamorphism (Peters et al., 2016) . One outstanding and pertinent question is whether there are areas in the Pilbara Craton that contain sedimentary rocks that have not been metamorphosed to such levels. Previous metamorphic maps have been based on the mineral assemblages of metavolcanic rocks (Smith, Perdrix, & Parks, 1982; White, Legras, Smith, & Nadoll, 2014a; White, Smith, Nadoll, & Legras, 2014b) . Before a new organic geochemical drilling campaign is employed in the Pilbara Craton an updated model of the metamorphic facies based on sedimentary rocks is desirable.
| Organic matter and metamorphism
As the veins represent a geological feature that has not been metamorphosed to a high grade, they are arguably the best-cored material from the Pilbara Craton for the investigation of early life using hydrocarbons so far available (Peters et al., 2016) . More generally, veins within Precambrian sequences represent a new opportunity for biomarker studies, especially where the surrounding rocks have been metamorphosed to a facies that would have destroyed any biomarkers. However, veins must be carefully investigated petrographically, and dated if possible because they may be much younger in age.
| Implications for the early biosphere
The biomarkers found in this study likely represent biomarkers from the Paleoproterozoic. This age model is based on the tectonic history of the Pilbara Craton, using the grade of recrystallisation of the veins and their carbon and oxygen isotopes (Peters et al., 2016) . The precursors of the sterane biomarkers found in the veins are sterols which can only be synthesised under oxic conditions (Galea & Brown, 2009; Summons et al., 2006; Waldbauer et al., 2011) . If the organic matter in the veins are of Neoarchaean age the biosynthesis of sterols must have happened in marine oxygen oases (Riding et al., 2014) or during transient atmospheric whiffs of free oxygen (Anbar et al., 2007; Stüeken et al., 2015) , as the Neoarchaean still had a generally anoxic atmosphere and anoxic oceans. Alternatively, if the organic matter in the veins is of Paleoproterozoic age, then the biosynthesis of sterols must have happened during or relative shortly after the GOE. Recently Brocks et al. (2017) showed unusual sterane distributions in Tonian, Cryogenian and Ediacaran rocks, and Hoshino et al. (2017) suggested that the ability to synthesise C 29 steranes emerged in the Cryogenian. These papers discounted the presence of C 27 -C 30 steranes and diasteranes in oil-bearing fluid inclusions in the 2.1 Ga FA Formation sandstone of the Franceville Basin in Gabon (Dutkiewicz, George, Mossman, Ridley, & Volk, 2007) , and in the 2.45 Ga Matinenda Formation at Elliot Lake, Canada (Dutkiewicz et al., 2006; George et al., 2008) . However, those fluid inclusion results are consistent with the findings in this study of probably Paleoproterozoic age steranes, including C 29 steranes, and show that much still needs to be learnt about sterane distributions in the Precambrian.
No biomarker evidence for the presence of cyanobacteria could be found. Firstly, the abundance of methylheptadecanes compared to other MMAs is not anomalous in any of the veins, which excludes the possibility that cyanobacteria may have contributed methylheptadecanes to the general distribution of MMAs . Secondly, 2α-methylhopanes, which are nonexclusive biomarkers for cyanobacteria (Rashby et al., 2007; Ricci et al., 2014; Summons et al., 1999; Welander et al., 2010) , were not found in the veins either. Given the origin of the veins, biomarkers of cyanobacteria were not expected to be found in the first place, highlighting once again the clean condition of the samples and extraction methods.
Biomarkers have been found in other veins cross-cutting Precambrian basement rocks, but of Phanerozoic formation age (e.g., Parnell, 1988; Parnell, Bowden, & Muirhead, 2017) . As one would expect these veins show a much different picture of biomarkers when compared to the findings presented here. For instance , Parnell et al. (2017) found βα-hopanes and ααα-steranes that were consistent with a mid to late oil window, while biomarkers presented here are consistent with catagenesis. Less mature biomarkers might be found in Paleoproterozoic or Archaean veins in the future, but given the greater age this is less likely.
The biomarkers found here were discovered using GC-MS singleion monitoring (SIM), and by comparing retention times relative to a Phanerozoic standard oil. This analysis technique helps increase sensitivity and thus reduces the level of detection, but also means that we could only have discovered organic compounds which are known in Phanerozoic petroleum systems. Additional compounds that may have been produced by the prevalent ancient biosphere would not have been detected. This paper describes the bulk extraction of the veins, but in-situ techniques such as time-of-flight secondary ion mass spectrometry (ToF-SIMS; Siljeström et al., 2010) and laser micropyrolysis GC-MS (Zhang, Greenwood, Zhang, Rao, & Shi, 2012) 
| CON CLUS IONS
The composition of organic matter preserved in two types of carbonate veins from Archaean drill cores was investigated using bulk solvent extraction, with extensive monitoring of the blanks.
• Only a few contaminants were detected in the laboratory that partly interfered with the analyses, including n-alkanes and low molecular weight aromatic hydrocarbons. These were monitored and brought below 1 ng to allow the interpretation of the same compounds that are indigenous to the samples.
Contaminants that originated from sample retrieval and storage are of very low abundance, as indicated by the exterior samples.
• Biomarkers found inside the veins are present as trace amounts, but cannot be laboratory specific contaminants for three reasons. • Evidence for the presence of eukaryotes and bacteria has been found in both vein types in trace amounts in the form of steranes and hopanes, respectively. The specific vein-type dependent biomarker distributions suggest that they were derived from different environments and/or experienced different catagenetic pathways. Based on the lack of elevated concentrations of methylheptadecanes and the nondetection of 2α-methylhopanes, no evidence for the presence of cyanobacteria was found.
• n-Alkanes show that organic matter in the type 1 veins originated from a marine environment, while the organic matter in the type 2 veins may have formed from a chemosynthetic community in a hydrothermal system.
• Based on thermal maturity parameters from both aliphatic and aromatic hydrocarbons, the organic matter in both veins is highly thermally mature. This corroborates the inorganic evidence which has shown that the veins were recrystallised at temperatures of 170-200°C (Peters et al., 2016 ).
• The dissolving behaviour of the fluid which formed the type 1 veins introduced many PAHs and probably diamondoids from the surrounding sedimentary rocks.
• As the samples that were extracted consist of the half-slabs of the drill cores stored at GSWA and are considered as the least-clean AIDP sample material, it needs to be noted that the results presented here need to be further validated. This could be accomplished by re-examing all available AIDP sample material for similar veins. However, as the veins presented here could not be dated the focus of future projects should lie on analysing veins that can be dated.
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